Autonomic nervous system activity is involved in body weight regulation. We assessed whether the body mass index (BMI) is related to the autonomic nervous system activity as assessed by heart rate variability (HRV). Twenty-five adult normotensive, euglycemic healthy males (M) and females (F) were studied (M/F ¼ 13/12). BMI was assessed in each individual. HRV was assessed and the domains of low frequencies (LF, index of the sympathetic modulation) and high frequencies (HF, index of the parasympathetic modulation) were measured. Data were statistically analyzed and are presented as mean±s.d. Mean BMI did not correlate with either HF or LF. It inversely related to HF (r ¼ À0.50, Po0.01), whereas its relationship with LF was marginally significant (r ¼ À0.39, P ¼ 0.05). The HF in individuals with BMI o20 kg/m 2 was significantly higher from those measured in the remaining subjects (Po0.05). The results support the role of parasympathetic activity in influencing BMI through likely modulation of body weight.
Introduction
Body weight is determined by the balance between energy intake and energy expenditure. Many human studies showed that the sympathetic nervous system activity is critical in augmentation of diet-induced obesity (Davy and Orr, 2009) , and that the brain regulates energy intake, simultaneously modulating energy expenditure through the sympathetic nervous system (Berthoud, 2008) . In human beings, Quilliot et al. found that obese subjects with high leptin levels have a lower sympathetic activity than obese subjects with low leptin levels (Quilliot et al., 2008) . Interestingly, this inverse relationship between the leptin and sympathetic activity persists at the end of a weight loss program, suggesting that reduced sympathetic responsiveness to endogenous leptin production might be a pathophysiological feature of obesity (Quilliot et al., 2008) .
Therefore, the autonomic nervous system, and particularly its sympathetic component, is involved in body weight regulation by modulating energy expenditure. Consequently, the activity of the autonomic nervous system could influence the body weight not only in obese patients, but also in healthy individuals. The identification of a link between autonomic nervous system activity and body mass index (BMI), independently of the presence of obesity, may provide valuable insights into the physiological regulation of body weight and important clues to the development of effective anti-obesity strategies. We aimed at assessing the autonomic nervous system activity of normal subjects to test the hypothesis that the domains of low frequencies (LF, index of the sympathetic modulation) and high frequencies (HF, index of the parasympathetic modulation) are related to BMI.
The activity of the autonomic nervous system has been assessed by means of the heart rate variability (HRV) indices, which reliably predict autonomic nervous system activity in different conditions (Szatajzel, 2004) .
Materials and methods
The study protocol was approved by the Ethics Committee at our institution. Twenty-five normotensive, euglycemic healthy male (M) and female (F) individuals (M/F ¼ 13/12) were studied after giving informed consent. Subjects were not taking any medication including b-blockers, antiarrhythmic drugs, ACE-inhibitors, or angiotensin receptor antagonists. Body weight and height were measured, and BMI determined accordingly.
Autonomic nervous activity was evaluated by HRV analysis during 24-h EKG recording, using an Accuplus 363 instruments (Del Mar Medical System, Irvine, CA, USA). Autonomic nervous activity was analyzed according to the international recommendations. Data of frequency domain were LF (0.04-0.15 Hz, modulated by the sympathetic system) and HF (0.15-0.40 Hz, modulated by parasympathetic system). LF and HF were measured in normalized units. Artificial and arrhythimic data were excluded.
Data were normally distributed, analyzed using Pearson's correlation test and t-test, and are presented as mean±s.d.
Results
Mean body weight was 65. 5 ± 13.8 kg, and mean BMI was 22.8 ± 3.6 kg/m 2 . Body weight did not correlate with either LF or HF. BMI was inversely related to HF (r ¼ À0.50, Po0.01) (Figure 1 ), whereas its relationship with LF was marginally significant (r ¼ À0.39, P ¼ 0.05).
Mean 
Discussion
In healthy individuals, increasing BMI is correlated to increased sympathetic and lower parasympathetic activities. We acknowledge that in our study the relationship between LF and BMI is marginally significant. However, when the indices of LF in the subjects with BMIo20 kg/m 2 and BMI 20-25 kg/m 2 are considered, it seems that a trend exists toward increased sympathetic activity in subjects with higher BMI. Therefore, it could be speculated that increasing BMI yields to increased energy expenditure as modulated by sympathetic activity. Interestingly, the LF indices of subjects with BMI 20-25 and BMI425 are similar, suggesting that increasing body size beyond a threshold does not stimulate according to the increased energy expenditure, thus favoring body weight accretion. However, it cannot be excluded that in larger trials the LF indices of subjects with BMI 20-25 kg/m 2 and BMI425 kg/m 2 may significantly diverge.
Some individuals seem to increase energy expenditure in response to overeating and, thus, maintain a stable body weight. The thermogenic adaptation that allows some individuals to resist weight gain despite overeating seems to be related to the activation of non-exercise activity thermogenesis (NEAT), which dissipates excess energy (Levine et al., 1999) . Interestingly, changes in autonomic nervous system activity may play a role in the activation of NEAT (Vanltallie, 2001) . Indeed, Christin et al. (1993) showed that inter-individual variability in sympathetic nervous system activity may determine the need to fidget or not.
Enhanced parasympathetic activity is associated with increased fat deposition (Balbo et al., 2007) . In contrast, we found an inverse relationship between HF indices and BMI. This is consistent with the data showing that Japanese obese children show reduced sympathetic and parasympathetic activities (Nagai et al., 2003) . It is conceivable that the reduction of parasympathetic activity as body size increases may represent a defensive mechanism against fat deposition. However, only the concomitant increase of sympathetic activity, as we found in our healthy individuals, may counteract the obesity-inducing effects of excess energy intake.
Supporting our inference that sympatho-vagal balance may contribute to regulation of body weight in healthy individuals, Flaa et al. showed that sympatho-adrenal activity is a negative predictor of future BMI, waist circumference, and triceps skinfold thickness in whites after 18 years follow-up (Flaa et al., 2008) . These data suggest that the sympatho-vagal balance is the primary factor determining body size, possibly through genetic predisposition, and it does not change as a consequence of developing obesity.
In summary, our study shows that sympatho-vagal balance is related to BMI in non-obese, healthy individuals. These data support the concept that the activity of the autonomic nervous system represents a primary factor modulating body size. It counteracts the effects of excess energy intake on body size accretion by increasing energy expenditure through the sympathetic nervous system. The sympathovagal balance seems to be genetically determined, and, therefore, may explain the inter-individual difference in the susceptibility to gain body weight.
